reaction of the corresponding aziridines 9 14, 15) and 11 14, 15) with HBr (Chart 4). The structures of 10 and 12 were confirmed by 1 H-and 13 C-NMR analyses and X-ray crystallographic analysis of 12 ( Fig. 1) . The reactions of 10 and 12 with n-BuLi at Ϫ78°C for 1 h afforded the aziridines 9 and 11 having an inverted configuration at the 2-position carbon, respectively, as shown in Chart 4. These results suggest that the cyclization proceeded in the SN2 process by a back-side approach of the nitrogen anion. We therefore altered the SNi process proposed previously to an SN2 process.
Subsequently, the reaction of 4 with n-BuLi was performed at Ϫ78°C for 1 h (entry 11, Table 1 ), and ABH (5) was isolated in 69% yield by distillation, as shown in Chart 5. The resulting ABH (5) was allowed to react with acyl chlorides 13a-f and alkyl halides 13g-n (Chart 6), as the reaction with electrophiles has rarely been reported. [17] [18] [19] [20] [21] [22] [23] All results are summarized in Table 2 . The reaction with acyl chlorides 13a-f gave the corresponding pyrrolidines 14a-f as the major product (entries 1-6). The piperidines 6, 15g, j-n were formed as the major product in the reaction with alkyl halides 13g-n, except for 15i (entries [7] [8] [9] [10] [11] [12] [13] [14] . The selectivity of products in the reaction of ABH (5) with electrophiles was rationalized by equilibrium, as Harding and Burks have proposed 24) and as shown in Chart 7. Although the kinetic products of the ring opening of ABH (5) may be the pyrrolidines 14a-n, equilibrium leads to the thermodynamically favored piperidines 6, 15a-g, i-n. The generation of piperidines 6, 15g, j-n as major products in the reac- tion with alkyl halides 13g-n was explained to be due to rapid equilibrium by the stronger nucleophilicity of the N atoms in 14g, h, j-n, which were formed first, rather than by that of the N atoms in 14a-f. The above hypothesis was supported by the fact that the pyrrolidine 14i dissolved in tetrahydrofuran (THF) was completely converted to the piperidine 15i under reflux for 16 h, though the piperidine 15i was not transformed to 14i under the same conditions, as shown in Chart 8.
In conclusion, we have established an efficient method for synthesizing 1-azabicyclo[3.1.0]hexane (5) by the cyclization of 2-(bromomethyl)pyrrolidine hydrobromide (4) with nBuLi, and propose a rational SN2 process for this reaction involving the open chain transition state 8 based on the intermolecular Br · · · Li ϩ coordination. In addition, the reactions of ABH (5) with acyl chlorides 13a-f and alkyl halides 13g-n were demonstrated to give the pyrrolidines 14a-n and the piperidines 6, 15a-g, i-n. The selectivity of the products in this reaction appears to have been controlled by equilibrium.
Experimental
All melting points were determined on a Yanaco micro melting point apparatus and are uncorrected. IR spectra were obtained on a JASCO FT/IR-420 or JASCO FT/IR-4100 IR Fourier transform spectrometer. 1 H-NMR spectra were recorded on a JEOL JNM-ECA500 (500 MHz) or JEOL JNM-AL400 (400 MHz) spectrometer. 13 C-NMR spectra were recorded on a JEOL JNM-ECA500 (125 MHz) or JEOL JNM-AL400 (100 MHz) spectrometer with complete proton decoupling. Chemical shifts are given in d values (ppm) using tetramethylsilane (TMS) as an internal standard. Electron spray ionization (ESI)-MS were recorded on a Waters LCT Premier spectrometer. Fast atom bombardment mass spectra (FAB-MS) and electron ionization mass spectra (EI-MS) were recorded on a JEOL JMS SX-102A spectrometer. Elementary combustion analyses were performed on a Yanaco CHN CORDER MT-5. All reactions were monitored by TLC employing 0.25 mm silica gel plates (Merck 5715; 60 F 254 ). Preparative TLC (PTLC) was performed on 0.5 mm silica gel plates (Merck 5744; 60 F 254 ). Column chromatography was carried out on silica gel [Kanto Chemical 60N; 63-210 mm]. All reagents were used as purchased.
General Procedure for HPLC Analysis (Table 1) The reaction were performed by using a suspension of 4 (122.5 mg, 0.50 mmol) and each bases (1.05 mmol) in THF (1.5 ml) under the conditions shown in Table 1 . After the reaction was completed, the reaction mixture was quenched with a phosphate buffer solution (pH 7.0, 1/15 mol/l, 3 ml), extracted with CH 2 Cl 2 , and then dried over MgSO 4 . To the resulting CH 2 Cl 2 solution was added benzyl bromide (65 ml, 0.55 mmol) at 0°C, and the mixture was stirred at room temperature for 16 h to afford a crude reaction solution, which was analyzed by HPLC under the following conditions. Mobile phase: phosphate buffer solution (pH 7.0, 1/15 mol/l)/MeCNϭ5/5, UV: 230 nm, flow rate: 1.0 ml/min, column: TOSOH TSK-GEL 80Ts (4.6 mmfϫ15 cm). 1-Benzyl-3-bromopiperidine (6) (retention timeϭ22 min) was used as the standard sample. Cyclization of (؉ ؉)-(1R,2S)-N-Benzyl-2-bromo-1,2-diphenylethylamine Hydrobromide (10) To a suspension of 10 (50 mg, 0.112 mmol) in THF (0.5 ml) was added n-BuLi (1.58 mol/l, 0.142 ml, 0.224 mmol) at Ϫ78°C under N 2 atmosphere. After being stirred for 1 h at Ϫ78°C, the reaction mixture was quenched with a phosphate buffer solution (pH 6.0, 0.05 mol/l, 10 ml) and then extracted with AcOEt. The AcOEt extract was washed with brine, dried over MgSO 4 , and evaporated in vacuo. The residue was purified by PTLC (eluent n-hexane-AcOEt, 9/1) to give 9 (24 mg, 74%) as a white solid. X-Ray Crystallographic Analysis of (؎ ؎)-(1R,2R)-N-Benzyl-2-bromo-1,2-diphenylethylamine Hydrobromide (12) The crystalline compound 12 was recrystallized from CHCl 3 in order to subject to the X-ray crystallographic analysis. The measurement was made on a Rigaku RAXIS-RAPID Imaging Plate diffractometer with graphite monochromated MoKa radiation. The data were processed using the PROCESS-AUTO program package. The linear absorption coefficient, m, for MoKa radiation is 1.0 cm
Preparation of (؉
؉)-(1R,2S)-N-Benzyl-2-bromo-1,2-diphenylethyl- amine
Ϫ1
. A symmetry-related absorption correction using the program ABSCOR was applied.
25) The data were corrected for Lorentz and polarization effects. The structure was solved by directed methods and expanded using Fourier techniques. 26, 27) The non-hydrogen atoms were refined anisotropically. Hydrogen atoms were included but not refined. Natural atom scattering factors were taken from Cromer and Waber. 28) The values for the mass attenuation coefficients are those of Creagh and Hubbel. 29) All calculations were performed using the teXsan crystallographic software package. Cyclization of (؎ ؎)-(1R,2R)-N-Benzyl-2-bromo-1,2-diphenylethylamine Hydrobromide (12) To a suspension of 12 (50 mg, 0.112 mmol) in THF (0.5 ml) was added n-BuLi (1.58 mol/l, 0.142 ml, 0.224 mmol) at Ϫ78°C under N 2 atmosphere. After being stirred for 1 h at Ϫ78°C, the reaction mixture was quenched with a phosphate buffer solution (pH 6.0, 0.05 mol/l, 10 ml) and then extracted with AcOEt. The AcOEt extract was washed with brine, dried over MgSO 4 , and evaporated in vacuo. The residue was purified by PTLC (eluent n-hexane-AcOEt, 9/1) to give 11 (10 mg, 33%) as a white solid. The trans azetidine 9 was not detected by TLC. 1 (5) (42 mg, 0.50 mmol) in THF (5 ml) was added benzoyl chloride (13a) (59 ml, 0.50 mmol) at 0°C under N 2 atmosphere. After being stirred for 16 h at room temperature, the reaction mixture was evaporated in vacuo. The residue was purified by column chromatography on silica gel (eluent n-hexane-AcOEt, 4/1) to give 14a (67 mg, 60%) as a colorless oil and 15a (30 mg, 26%) as a colorless oil. -1-(4-chlorobenzoyl)piperidine (15d 2-Chloromethyl-1-(4-nitrobenzoyl)pyrrolidine (14e) Pale yellow prisms (THF-n-hexane). mp 79.5-80.5°C. 89 (1H, m), 1.96-2.29 (3H, m), 3.32-3.60 (2H, m) 
Chart 8

Isolation of ABH (5)
12,20,21) To a suspension of 4 (25.0 g, 0.102 mol) in THF
1-Benzoyl-2-chloromethylpyrrolidine (14a)
3-Chloro
Equilibrium of 14i and 15i (Chart 8)
To a solution of 14i (14i/15iϭ 90/10, 20 mg, 0.10 mmol) in THF (1 ml) was refluxed for 16 h under Ar atmosphere. The mixture was concentrated in vacuo to give 15i (14i/15iϭ 2/98, 20 mg, quantitative yield) as a colorless oil. Then, a solution of 15i (14i/15iϭ0/100, 27 mg, 0.13 mmol) in THF (1 ml) was treated in the same manner, and 15i (14i/15iϭ0/100, 27 mg, quantitative recovery) was recovered as a colorless solid. The resultant oil and solid were analyzed by
